Purpose: The sensitivity of advanced hepatocellular carcinoma (HCC) to Sorafenib is low. The purpose of this study was to investigate the effects of cyclin-dependent kinase inhibitor 2B (CDKN2B) gene on the prognosis of HCC and the sensitivity of HCC cells to Sorafenib. Patients and methods: Streptavidin-perosidase (SP) staining was performed to determine the expression of CDKN2B in HCC tissues and adjacent tissues. The cell counting kit-8 (CCK-8) assay was carried out to determine cell viability. CDKN2B mRNA and protein were tested by real-time quantitative polymerase chain reaction (RT-qPCR) and Western blot, respectively. CDKN2B gene was silenced or over-expressed in the cells by plasmid transfection technique. Flow cytometry was carried out to detect cell cycle and apoptosis. Results: SP staining results showed that CDKN2B was positive in adjacent tissues and in HCC tissues from partial response (PR) patients, CDKN2B was slightly positive in stable disease (SD) patients, but negative in progression disease (PD) patients. The survival rate of patients with low expression of CDKN2B was low. Up-regulation of CDKN2B expression could promote the pro-apoptotic effect of Sorafenib and cell arrest in G1 phase. When the CDKN2B gene expression was down-regulated, the cell apoptosis rate and the proportion of cells treated with Sorafenib in G1 phase decreased. Silencing CDKN2B reversed CDKN2B overexpression caused by Sorafenib. Conclusion: CDKN2B genes were lowly expressed in tumor tissues from HCC patients who were treated with Sorafenib and had a poor prognosis. Up-regulation of CDKN2B promoted sensitivity of HCC to Sorafenib, and similarly down-regulation of CDKN2B reduced the sensitivity.
Introduction
The incidence of hepatocellular carcinoma (HCC) ranked fifth and its mortality is the third highest among all cancers. 1 However, there is still no effective treatment for HCC. For HCC patients at an early stage, liver resection and liver transplantation are preferred treatment methods. 2, 3 Although the liver has a strong compensatory function, the early symptoms of HCC are not easily found and lack specificity, and most HCC patients are diagnosed at the late stage of the disease. 4, 5 Patients with advanced HCC are not suitable for surgery, and chemotherapy is the only strategy. 6 Traditional chemotherapeutics such as Doxorubicin and Fluorouracil are not effective for HCC treatment and have obvious side-effects. 6 With the rise of targeted drug therapy, some small molecule kinase inhibitor drugs have made considerable progress in the treatment of cancer. 7 Sorafenib is currently the only clinical solution for treating HCC patients who are not suitable for surgery. 8 Sorafenib is a Raf kinase inhibitor; on one hand, Sorafenib directly inhibits tumor growth by inhibiting the activity of RAF-1 and the B-RAF's serine/threonine kinase, on the other hand, Sorafenib can inhibit tumor growth by inhibiting angiogenesis in tumors through tyrosine kinase activities of FLT-3, VGFR-2, VEGF-3, and PDGF receptors. [9] [10] [11] [12] However, over the past few years, it has been found that HCC had a significant resistance to Sorafenib, and only about 30% of patients with advanced HCC can benefit from it. 13 In addition, a systematic analysis of multiple random clinical control test results found that, even among these beneficiaries, survival time prolonged by only 3 months. 14, 15 Therefore, it is highly important to find effective molecular targeted drugs against tumor drug resistance. Also, the researches on the mechanism of HCC resistance and the improvement of the sensitivity of HCC to Sorafenib have attracted much attention in recent years. Cyclin-dependent kinase inhibitor 2A (CDKN2A) and cyclin-dependent kinase inhibitor 2B (CDKN2B) are located on chromosome 9. The deletion of the CDKN2B-CDKN2A gene cluster is the most common genetic event in cancer. 16, 17 The CDKN2B gene encodes p15Ink4b protein. The encoded protein forms a complex with CDK4 or CDK6 and prevents CDK kinase activated by cyclin D, indicating it acts as a cell growth regulator, thus inhibiting the progress of cell cycle G1. Studies on the relation between CDKN2A and tumors and the relation between CDKN2B and tumors have been gradually conducted in recent years. Studies have shown that the absence of CDKN2B promoted melanoma and renal cell carcinoma. 18, 19 It has been found that Cyclin E1 and RTK/ RAS signaling could drive CDK inhibitor resistance by activating E2F and ETS in human ovarian carcinoma cells. 20 In recent years, studies have found that, in SMMC-7721 cells, Verapamil (VER) can increase the tolerance of cells to Doxorubicin chemotherapy, and CDKN2B gene overexpression may be reversed by HCC chemotherapy resistance. 21 These studies suggested that CDK inhibitors had an effect on drug resistance in cancer treatment. However, to the best of our knowledge, there is currently no study conducted on the relation between CDKN2B and the sensitivity of HCC to Sorafenib. Therefore, this study mainly focused on the expressions of CDKN2B in HCC tissues from patients with different HCC prognosis. We also explored whether CDKN2B could regulate the sensitivity of HCC to Sorafenib in order to provide a new approach to improving the efficacy of Sorafenib on HCC.
Materials and methods

HCC patients and samples
From January 2013 to January 2016, 249 cases of HCC patients treated with Sorafenib were collected, and the Response Evaluation Criteria in Solid Tumors (RECIST) were applied to evaluate the efficacy of each patient. The follow-up deadline was March 1, 2018. The inclusion criteria were that HCC was a primary tumor and was not associated with other malignancies in a patient, while the exclusion criteria were that a patient received less than three cycles of chemotherapy, with use of other chemotherapy drugs, targeted drugs or radiotherapy, or the patients who drop out during treatment. There were 55 patients (CR 0 cases, PR 8 cases, SD 37 cases, and PD 10 cases) who met the criteria. HCC tissues and adjacent tissues of each patient were collected. According to the expression level of CDKN2B in HCC tissues, 55 patients were divided into the CDKN2B high expression group and CDKN2B low expression group. The study was approved by the Ethics Committee of TCMIntegrated Hospital of Southern Medical University, and all patients signed informed consent.
Cells culture and transfection
The human hepatocyte cell line THLE-2, and HCC cell lines Hep3B, SNU-182, SNU-387, SK-Hep1, and PLC/PRF/5 cells were purchased from ATCC (USA). The cells were cultured in RPMI 1640 medium containing 10% fetal bovine serum in an incubator at 37°C in 5% CO 2 . Cell culturerelated reagents were purchased from Gibco (USA). To explore whether CDKN2B could regulate the sensitivity of HCC to Sorafenib, drug intervention was performed on Hep3B and SNU-182 cells. Sorafenib was purchased from Bayer Corporation (West Haven, CT, USA), and dimethylsulfoxide (DMSO) was purchased from KeyGen Biotech Co., Ltd. (Nanjing, China). Sorafenib was dissolved in DMSO and diluted with RPMI 1640 to the desired concentration for in vitro studies. In the control group, DMSO was added to cultures as a vehicle.
The wild-type CDKN2B coding sequence was subcloned into pcDNA3.1 (Sangon Biotech, China) to construct a pcDNA-CDKN2B expression vector. CDKN2B transfections were performed using Lipofectamine 2000 (Invitrogen, USA). siCDKN2B was purchased from GenePharma (China), and the siRNA transfections were performed by Lipofectamine 2000. The transfection efficiencies were detected using real-time quantitative polymerase chain reaction (RT-qPCR) and Western blot.
Streptavidin-perosidase (SP) staining
SP staining was performed to detect the CDKN2B proteins expression levels in HCC tissues and adjacent tissues. Specimens were cut into 4-μm-thick sections and deparaffinized in xylene; 0.01 mol/L citrate buffer solution was used for antigen retrieval, and 50 μL peroxidase blocking solution was added to block endogenous peroxidase activity. The primary antibody was added and incubated at 4°C for 12 hours, according to the kit instructions. The secondary antibody was added and incubated at room temperature for 10 minutes. Then 100 μL DAB was added for visualization for 5 minutes, counterstained, and the staining was observed under a microscope.
Cell counting kit-8 (CCK-8) assay
The CCK-8 assay was used to detect the cell viability, and the kit was purchased from Tongren (Japan). Cells were pre-incubated at 37°C in 5% CO 2 in an incubator, and then CCK-8 reagent were added to the cells and cultured at 37°C in 5% CO 2 atmosphere for 4 hours. The optical density (OD) of each well at 450 nm was measured using a microplate reader (ELX 800, Bio-Teck, USA).
Flow cytometry
Flow cytometry was used to detect cell apoptosis, and the kits were purchased from BD Pharmingen (USA). Cells of 1×10 6 were washed with PBS at 4°C and resuspended to a concentration of 4×10 5 cells/mL. Annexin-V-PE and 7-aminoactinomycin D (7-AAD) were added, respectively. The samples were incubated at room temperature in the dark for 10 minutes. A flow cytometer (Becton Dickerson, SanJose, CA, USA) was applied to analyze the cell apoptosis. Flow cytometry was also applied to detect the cell cycle.
Real-time quantitative polymerase chain reaction (RT-qPCR) analysis
RT-qPCR was used to detect the CDKN2B mRNA expression. The cells were triturated and lysed. The RNAs were then extracted by CHCl3 (Aladdin, China) and dissolved in DEPC water (Sigma aliquots). Reverse transcription kit (TaKaRa, Japan) was used to synthesize cDNA. The reverse transcription reaction conditions were set at 37°C for 15 minutes, and the reverse transcription inactivation conditions were set at 85°C for 15 seconds. RT-qPCR was performed with the RT-qPCR kit (TaKaRa) by activating the DNA polymerase at 95°C for 5 minutes, followed by 40 cycles of two-step PCR (95°C for 10 seconds and 60°C for 30 seconds) and a final extension at 75°C for 10 minutes, and held at 4°C. RNase-free water was used as the templates of negative control experiences. All primers were obtained from Genewiz (Suzhou, Jiangsu, China) and are listed in Table 1 . The formula 2-ΔΔCT was implemented to determine the mRNA expression levels.
Western blot
Western blot was applied to detect CDKN2B protein expression levels. The cells were lysed and blocked with RIPA (Abmole, USA), and the supernatant was collected by centrifugation at 12,000 rpm at 4°C for 15 minutes. A bicinchoninic acid (BCA) method was used to determine the protein concentration. A 10% SDS-PAGE gel was prepared to electrophoresis. The PVDF membrane (Bio-Rad, USA) was transferred by a Trans-Blot Transfer Slot (BioRad) and blocked with 5% fat-free milk for 2 hours at room temperature. According to the kit instructions, the primary antibody (anti-CDKN2B, Abcam, ab53034, dilution: 1:800) was added and shaken at room temperature for 2 hours and then incubated at 4°C for 12 hours. The secondary antibody (mouse anti-human IgG, Abcam, ab99823, 1:10,000) was added and incubated at room temperature for 1.5 hours.
Chemiluminescence detection was carried out using ECL reagent (Huiying, Shanghai, China). GAPDH was used as the internal reference. 
Results
CDKN2B expression levels in HCC tissues and adjacent tissues in patients with different therapeutic efficacy
The SP staining results showed that CDKN2B was positive in adjacent tissues and in HCC tissue of partial response (PR) patients. CDKN2B was slightly positive in stable disease (SD) patients, but negative in progression disease (PD) patients (Figure 1) , suggesting that the level of CDKN2B expression in HCC tissue was downregulated in patients with poor efficacy of Sorafenib.
CDKN2B mRNA expression levels and survival curves in 55 cases RT-qPCR was applied to detect CDKN2B mRNA expression levels in 55 cases of HCC tissues and adjacent tissues. The results showed that the level of CDKN2B mRNA in 36 cases of HCC tissues was lower than that in adjacent tissues. The CDKN2B mRNA levels of HCC tissues in 29 PD patients were all lower than those in adjacent tissues ( Figure 2A ). According to the CDKN2B mRNA expression level in HCC tissues, 55 patients were divided into two groups. The survival rate of the group with high expression of CDKN2B was higher than that in the group with low expression of CDKN2B, and the difference was not statistically significant (P>0.05) ( Figure 2B ). This suggested that low expression of CDKN2B may indicate a poor prognosis, showing that a low expression of CDKN2B might affect the sensitivity of HCC to Sorafenib.
CDKN2B expression in different cell lines
Western blot and RT-qPCR experiments showed that CDKN2B was lowly expressed in HCC cell lines ( Figures 2C and D ). Hep3B and SNU-182 cell lines were selected for subsequent experiments. 
Cell viability at different sorafenib concentrations
Hep3B and SNU-182 cells were cultured in the medium containing different concentrations of Sorafenib (0 μM, 1 μM, 2.5 μM, 5 μM, 10 μM, and 20 μM) for 48 hours. After that, cell viability of these cells was detected by CCK-8 assay. The results showed that cell viability decreased as the concentration of Sorafenib increased ( Figures 3A and B ).
CDKN2B expression levels after transfection of overexpression plasmids
Western blot and RT-qPCR experiments showed that the expression levels of CDKN2B mRNA and protein in Hep3B and SNU-182 cells were significantly increased after transfection with overexpression plasmids (Figures 3C-F) . This suggested that the overexpressing cell line was successfully constructed.
Effects of overexpression of CDKN2B on sensitivity of cells to sorafenib
The experimental groups were constructed as follows: control group, Sorafenib group (So group), NC group (Mock group), CDKN2B group, Mock+So group, and CDKN2B+So group, on the conditions of 10 μM concentration and 24 hours exposure time of Sorafenib. The results showed that the cell viability in the So group, CDKN2B group, Mock+So group, and
CDKN2B+So group was lower than that in the control group and Mock group. The cell viability in the CDKN2B+So group was significantly lower than that in the Mock+So group ( Figures 3G and H) . This suggested that CDKN2B overexpression enhanced the sensitivities of Hep3B and SNU-182 cells to Sorafenib.
Effects of CDKN2B overexpression on apoptosis and cell cycle of Hep3B and SNU-182 cells to Sorafenib
Flow cytometry was used to detect apoptosis and cell cycle in the six groups to further explore the effects of CDKN2B expression on the sensitivity of cells to Sorafenib. The results showed that the apoptosis rate in the So group, CDKN2B group, Mock+So group, and CDKN2B+So group was higher than that in the control group and Mock group. The apoptosis rate in the CDKN2B+So group was significantly higher than that in the Mock+So group (Figures 4A-D) . The proportion of G1 in the CDKN2B+So group was higher than that in the Mock+So group, and the proportion in S phase was significantly reduced (Figures 4E-H ).
CDKN2B expression in the six groups
The expression level of CDKN2B gene was determined in the six groups in order to study the relation between the high expression level of CDKN2B gene and the sensitivity of HCC to Sorafenib. The results showed that Sorafenib up-regulated the expressions of CDKN2B in Hep3B and SNU-182 cells. In Hep3B cell line, the levels of CDKN2B mRNA and protein in CDKN2B group and CDKN2B+So group were significantly higher than those in the So group ( Figures 5A and B) . For SNU-182 cell line, CDKN2B mRNA and protein levels in the CDKN2B group and CDKN2B+So group were up-regulated, and, moreover, a significant higher tendency of those was observed in the CDKN2B+So group compared to the CDKN2B group and Mock group ( Figures 5C and D ). The expression level of the CDKN2B gene was consistent with the apoptotic conditions of the two cell lines. When the expression level of the CDKN2B gene was up-regulated, the apoptosis rate and the proportion of cells in the G1 phase were increased, suggesting that overexpression of CDKN2B could increase the sensitivity of HCC to Sorafenib.
Effects of low-expression of CDKN2B on sensitivity of cells to Sorafenib
The experimental groups were constructed as follows: siNC group, siCDKN2B group, siNC+So group, and siCDKN2B+So group, on the condition of 10 μM concentration and 24 hours exposure time of Sorafenib. The results showed that the transfection of siCDKN2B plasmid had no significant effects on the cell viability of Hep3B and SNU-182 cells. The cell viability of the siCDKN2B+So group was significantly higher than that in the siNC+So group ( Figures 6A  and B) , demonstrating that decreased expression of CDKN2B inhibited the effects of Sorafenib on cell viability. To further explore the effects of low-expression of CDKN2B on sensitivity of Hep3B and SNU-182 cells to Sorafenib, flow cytometry was used to detect apoptosis and cell cycle in the four groups. The results showed that the apoptosis rate in the siCDKN2B+So group was lower than that in the siNC+So group ( Figures 6C-F) , and that the proportion in siCDKN2B+So group cells in the G1 phase was also lower than that in the siNC+So group (Figures 6G-J) . This suggested that decreased expression of CDKN2B inhibited the effects of Sorafenib on cell apoptosis.
Effects of low-expression of CDKN2B on the sensitivity to sorafenib
To investigate the relation between the low expression level of CDKN2B gene and the sensitivity of HCC to Sorafenib, the expression level of the CDKN2B gene was determined in the four groups. This shows that the levels of CDKN2B mRNA and protein in the siCDKN2B +So group were lower than those in the siNC+So group (Figures 7A-D) . This suggested that Sorafenib could induce elevated levels of CDKN2B mRNA and protein, whereas silencing CDKN2B reversed CDKN2B overexpression caused by Sorafenib. DovePress alcohol intake, the cause of HCC is still unknown. 22 For advanced HCC, Sorafenib is the first-line standard treatment program, but the remission rate is low, patients benefit from it only for a short period of time, and it is highly susceptible to drug resistance. 23, 24 Long-term exposure to antineoplastic drugs can lead to decreased sensitivity of HCC cells to drugs. 24, 25 The mechanism of drug resistance in HCC has not yet been widely studied. Previous studies have suggested that several mechanisms of Sorafenib acquired drug resistance including cross-reactions of the PI3K/Akt and JAK-STAT pathways, hypoxia-inducible pathways, and epithelial-mesenchymal transitions. [26] [27] [28] [29] There are few studies conducted on the mechanism of the above pathways or transformation changes. Therefore, it is of great significance to find new approaches to increasing the sensitivity of HCC to Sorafenib. CDKN2B is a tumor suppressor gene, encoded p15INK4B protein, which can inhibit the tumor via Rb pathway. 30 Studies have found that CDKN2B gene-deleted mice could cause pancreatic cancer in recent years. 31 At the same time, a new study found that the CDKN2B gene may be associated with HCC resistance. 21 It has also been found that the copy number loss of CDKN2B gene was associated with poor overall survival in pulmonary squamous cell carcinoma. 32 To explore the relation between CDKN2B gene and the efficacy of Sorafenib on HCC, we compared the expression of CDKN2B in HCC tumor tissues of different efficacy patients treated with Sorafenib. SP staining results showed that CDKN2B was negative in PD patients. RT-qPCR experiments further found that, in 55 patients with HCC, 36 patients had low expressions of CDKN2B in hepatocellular carcinoma, and all PD patients had low expressions. This suggests that decreased expression of CDKN2B was associated with poor prognosis. Further comparisons also showed that the survival rate of patients with low CDKN2B expression was lower than that with high expression of CDKN2B. There was no statistical difference in survival between the two groups, which might be explained by our small sample size. However, the survival rates of the two groups were still different. This suggested that the expression level of CDKN2B affected the efficacy of Sorafenib in the treatment of HCC. In future studies, we will extend the sample size to further clarify the association between CDKN2B expression and patient prognosis.
Discussion
Studies have shown that the incidence of HCC is increasing. Although it may be related to hepatitis virus infection and
To further investigate the effect of CDKN2B expression on sensitivity of HCC to Sorafenib, we examined the effects of Sorafenib on apoptosis and cell cycle of Hep3B and SNU-182 cells under different levels of CDKN2B expression. The results showed that Sorafenib up-regulated CDKN2B levels, and that CDKN2B overexpression promoted apoptosis and arrested cells in G1 phase and elevated expression of CDKN2B promoted the proapoptotic capacity of Sorafenib and increased the proportion of cells in the G1 phase. This suggested that elevated expression of CDKN2B might increase the sensitivity of HCC to Sorafenib. Meanwhile, the results also showed that, after the downregulation of CDKN2B, the apoptosis rate and the proportion of cells in the G1 phase under Sorafenib treatment were significantly reduced. This suggested that low expression of CDKN2B could reduce the sensitivity of HCC cells to Sorafenib. These results suggest that the decreased Annexin-V-PE sensitivity of HCC cells to Sorafenib may be related to the low expression of CDKN2B. CDKN2B belongs to the INK4 protein family. The CDKN2B-encoded p15INK4B protein binds to and inhibits cyclin-dependent kinases 4 (CDK4) and cyclindependent kinases 6 (CDK6), thereby promoting apoptosis and arresting cells in the G1 phase. 33, 34 Previous studies showed that, when CDKN2B expression was upregulated, unbound Cyclin D was degraded by the ubiquitin-dependent proteasomal degradation pathway, causing cells to be arrested in the G1 phase. 35, 36 In addition, CDKN2B allele deletion and hypermethylation of promoters are present in a variety of hematological malignancies, including leukemia, lymphoma, and myelodysplastic syndromes. 37 It was found that overexpression of CDKN2B gene promoted apoptosis in cells treated with VER and Doxorubicin, and that the CDKN2B gene was involved in VER-mediated tumor cell apoptosis. 21 This suggested that up-regulation of the CDKN2B gene could increase the sensitivity of HCC to Sorafenib and improve the prognosis of Sorafenib treatment of HCC. However, this study has some limitations, for example, the expression of CDKN2B in HCC tissues needs to be further investigated in the absence of Sorafenib treatment. In addition, increasing the detection of IC50 and p-gp expression in cells was also required. Our future studies will explore the effect of CDKN2B on Sorafenib resistance in HCC and the associated signal transduction pathways.
Conclusion
In conclusion, CDKN2B genes were lowly expressed in tumor tissues of HCC patients who were treated with Sorafenib and had a poor prognosis. Up-regulation of CDKN2B expression levels promoted the sensitivity of HCC to Sorafenib and decreased CDKN2B expression reduced sensitivity, suggesting that the efficacy of Sorafenib on HCC could be improved by up-regulating CDKN2B.
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